Optimal management of a lesion yielding radial scar (RS) without epithelial atypia on breast biopsy is controversial. In this single-institution study spanning 17 years, 53 patients with this biopsy diagnosis were evaluated in terms of clinical, radiologic, and pathologic features and outcomes. RSs were categorized as either "incidental" or as the "targeted" lesion according to defined criteria. Of 48 patients who underwent surgical excision after a diagnosis of RS on biopsy, only 1 had an "upgrade" diagnosis of malignancy (2%). No "incidental" RS was associated with the presence of malignancy on surgical excision. Meta-analysis of 20 RS excision studies demonstrated an overall upgrade rate of 10.4%, with a higher rate in patients with a diagnosis of RS with atypia (26%). The upgrade rate for RS without atypia was 7.5% overall. The lower rate of upgrade to malignancy in this study (2%) is likely related to the thorough radiologic-pathologic review undertaken. In the setting of multidisciplinary agreement and careful radiologic-pathologic correlation, it may be appropriate for patients with a biopsy diagnosis of RS without atypia to forego surgical excision in favor of imaging follow-up.
T he optimal management of a lesion yielding radial scar (RS) without epithelial atypia on breast needle core biopsy (NCB) is controversial. From a radiologic point of view RS is diagnostically challenging, as its mammographic appearance overlaps with that of invasive carcinoma. [1] [2] [3] [4] Historically, a lesion with radiologic features of RS was surgically excised without prior biopsy, because of a perceived significant risk of underestimation of malignancy on NCB. 5, 6 However, thanks to the improved tissue retrieval techniques and radiologic imaging modalities that have become available over the last decade, most patients now undergo diagnostic NCB before excision. Surgical excision of RS constitutes current standard practice, but some authors have suggested that radiologic follow-up without excision may be appropriate in these cases, if RS is not associated with epithelial atypia. 7, 8 No prospective studies on the optimal management of biopsy-proven RS have been conducted, and most published series have been retrospective, involved small cohorts of patients, and lacked detailed radiologicpathologic correlation.
In this study, we evaluated patients with NCB diagnosis of RS without epithelial atypia who were treated at our institution over a 17-year period and correlated clinical, radiologic, and pathologic features and outcomes. We also conducted a meta-analysis of prior studies of RS with and without associated epithelial atypia diagnosed on NCB to assess the overall upgrade rate of RS to carcinoma.
MATERIALS AND METHODS
After securing IRB approval, we undertook a search of institutional radiologic and pathologic databases using the terms "radial scar," "radial sclerosing lesion," and "complex sclerosing lesion," to identify all diagnoses of RS on NCB rendered at our institution over a 17-year period (1996 to 2013) . The initial search yielded 223 NCB cases. Selection criteria for our study included a concordant diagnosis of RS on review of the NCB slides by the 3 study pathologists (A.D.C., C.D., N.C.) and the absence of any coexistent high-risk lesion warranting surgical excision. Furthermore, only cases in which both the index NCB and imaging studies had been performed at our center were included in the study. A total of 53 cases met with all inclusion criteria.
Two dedicated breast radiologists (J.B.K./L.L.) reviewed all index images and recorded the characteristics of the target lesion (size, calcifications [Ca ++ ], architectural distortion, mass, magnetic resonance imaging [MRI] enhancement, or a combination thereof). Further radiologic features recorded are detailed in Table 1 .
All available NCB hematoxylin and eosin (H&E)stained slides were rereviewed, and the size of each RS (defined as the greatest dimension of RS on examined slides) and the presence of associated Ca ++ were recorded. In excision specimens, the presence of invasive carcinoma, ductal carcinoma in situ (DCIS), lobular carcinoma in situ, and the various forms of epithelial atypia (including atypical ductal hyperplasia [ADH], atypical lobular hyperplasia, columnar cell change with atypia [CCCWA], and atypical apocrine adenosis) was assessed, as was the presence of residual RS. CCCWA is synonymous with flat epithelial atypia. An upgrade was defined as the presence of carcinoma (DCIS or invasive carcinoma) in the excision specimen.
Two pathologists (C.D./A.D.C.) and 2 radiologists (J.B.K./L.L.) compared the pathologic and radiologic data to determine whether the RS was incidental or constituted the target lesion of the NCB. If the radiologic target was Ca ++ , an RS containing r10% of the total Ca ++ seen on the histologic slide was defined as incidental, providing that the overall volume of Ca ++ in the NCB specimen correlated with the imaging findings. If MRI enhancement, a mass, or architectural distortion was the target, the RS was deemed incidental if its size was a third or less of the size of that target lesion, and other benign histologic findings in the NCB specimen accounted for the radiologic target.
Finally, clinical details such as demographic information, patient personal and family history of breast carcinoma, length of follow-up, and subsequent diagnosis of breast malignancy were extracted from the electronic medical record.
RESULTS

Patient Population
The study cohort consisted of 53 patients with an NCB diagnosis of RS. The median patient age at index diagnosis was 51 years, with a range from 31 to 74 years. One patient had a synchronous ipsilateral diagnosis of DCIS, which was biopsied at the same time as the index RS NCB. This was the only case with an upgrade to malignancy on surgical excision of the RS site. Six patients (11%) had a remote personal history of breast carcinoma (1 to 18 y previously; median 3.5 y), 3 had prior contralateral invasive breast carcinoma, and 3 had prior contralateral DCIS. None of these 6 patients had an upgrade on excision of the index RS. Eleven patients (20%) had a positive family history of breast carcinoma in a first-degree relative. This positive family history pertained to the index patient's mother in 6/11 cases (age of mother at breast cancer diagnosis 59 to 72 y) and the index patient's sister in 5/11 cases (age of sister at breast cancer diagnosis 32 to 50 y). No patient with a family history of breast malignancy had a diagnosis of malignancy on surgical excision of the RS lesion.
Forty-eight patients underwent surgical excision of the radiologic target. The remaining 5 patients were followed up clinically and radiologically for >40 months (median follow-up 84 mo, range 41 to 132 mo). All NCB H&E slides were reviewed. The original H&E slides of the excision specimens were available for review in 47 of 48 cases. Biopsy site changes were identified in 46 of 47 excisions; in the remaining case, the specimen contained a marker clip on gross pathologic examination, the specimen was entirely submitted, but no biopsy site was identified.
Radiologic and Pathologic Findings
On combined radiologic and pathologic review, the RS was deemed to be the target lesion in 35 of 53 (66%) cases and an incidental lesion in 18 cases (34%). The overall median RS size on NCB was 0.3 cm, with a range of 0.1 to 0.7 cm. In 24 (45%) cases, microscopic Ca ++ was present in the RS, whereas in 36 cases (65%) microscopic Ca ++ was noted in surrounding tissues. Residual RS was identified in 32 of 47 excisions (68%). The mean residual RS maximum dimension of these cases was 0.5 cm. The radiologic features of the index lesions classified as target RS and incidental RS are detailed in Table 1 .
Targeted RS
The median microscopic size of targeted RS lesions on NCB was 0.3 cm. The most frequently targeted radiologic lesion was a mass (46% of cases), whereas calcifications were the sole target in 17% of cases. All patients had mammography; 74% of patients also had an ultrasound examination, and 20% also had an MRI. The needle gauge was 14 G in 60% of cases, 11 G in 20%, and 9 G in 14%. Further details are listed in Table 1 .
DCIS was diagnosed in 1 patient (3%) aged 65 years. The radiologic target consisted of pleomorphic and clustered Ca ++ spanning 0.5 cm. An 11 G vacuum-assisted stereotactic core biopsy needle was used for the procedure, and 9 tissue cores were taken. In the corresponding surgical excision, there was a single 0.2 cm focus of low-grade DCIS arising on a background of ADH. DCIS was located >0.5 cm away from the RS biopsy site. The patient had a synchronous ipsilateral DCIS, which was excised during the same surgery, in a separate lumpectomy specimen.
Epithelial atypia was identified in 8 of 35 excisions of a targeted RS. ADH was present in 4 cases, CCCWA in 5 cases, atypical lobular hyperplasia in 2 cases, and lobular carcinoma in situ and atypical apocrine adenosis in a single case each.
Incidental RS
The median microscopic size of incidental RS on NCB was 0.2 cm. The radiologic target lesion consisted of Ca ++ in 50% of cases and a mass in 28%. Ninety-four percent of patients had a mammogram, whereas 33% had an ultrasound examination, and 22% had an MRI. The needle gauge used in 61% of cases was 11 G. A 14 G needle was used in 28% of cases, and a 9 G needle in 11%. Epithelial atypia was identified in 22% (4 of 18) excisions. No incidental RS was upgraded to malignancy.
Clinical Follow-up Information
The 48 patients who underwent excision after index NCB had no subsequent diagnosis of carcinoma after a median follow-up of 48 months (range, 6 to 146 mo). The 5 patients with RS lesions without subsequent excision had a median follow-up of 84 months (range, 41 to 132 mo). One of these 5 patients developed an ipsilateral high-grade invasive ductal carcinoma 78 months after the diagnosis of RS on NCB. Radiologic correlation demonstrated that the invasive carcinoma occurred in an area of the breast that was anterior and medial to the biopsy site.
DISCUSSION
The optimal management of a radiologic target lesion yielding an RS without epithelial atypia on NCB is debated. The radiologic definition of RS formulated by Tabar and Dean 9 requires at least 3 of the following imaging features: translucent or small dense center, elongated thin radiating spicules, varying appearance in different projections, and absence of a palpable lesion or skin change. The pathologic term "radial scar" was introduced in 1980 by Linell, 10 although a number of pathologic pseudonyms had been used before his description to describe the histologic features of this entity. 11 Histologically, RS is characterized by a central elastotic "nidus" containing entrapped tubules, associated with a corona of ducts radiating from the center of the scar and frequently demonstrating extensive proliferation. Cystic changes are present at the periphery of the lesion (Fig. 1 ). In the modern era of breast screening, the increased clinical recognition of RS has been attributed to the more frequent radiologic detection of small asymptomatic lesions using increasingly sensitive and sophisticated modalities.
The true extent of the relationship between RS and malignancy is difficult to assess. Autopsy studies have demonstrated that RSs occur incidentally in a significant proportion of women (8% to 16%). 12, 13 Higher rates are seen in more extensively sampled breasts and in the contralateral breast of patients with a history of invasive ductal carcinoma (42%). 14 RSs are frequently bilateral and multiple. 12, 13 These 3 studies [12] [13] [14] give an overall rate of malignancy of 8.6% (32/ 374 cases) in RS detected in autopsy studies.
The results of surgical excision studies of histologically confirmed RS in the context of mammographically detected stellate lesions are summarized in Table 2 . 8, [15] [16] [17] [18] [19] [20] [21] [22] These studies predate the era of routine presurgical NCB and provide an estimate of the underlying rate of malignancy in radiologically detected RS. In these studies, the malignancy rate ranged from 10% to 41%, with a mean malignancy rate on lesion excision of 20%. However, many of these studies did not undertake a detailed radiologic-pathologic assessment of whether the RS was the targeted lesion or whether it was an incidental finding near a stellate carcinoma. In the small subset of series that has addressed this, the malignancy rate on excision of "targeted" RS is substantially higher than for "incidental" RS ( Table 2) . Ultimately, however, the underlying rate of malignancy in association with RS does not address the clinical question of how to manage NCB-confirmed RS. A more pertinent question is whether the diagnostic sensitivity of NCB for RS-associated malignancy is sufficiently high to allow patients to forego surgical excision when their biopsy shows RS without epithelial atypia.
In the last decade, the implementation of NCB protocols using larger bore (9 to 14 G) vacuum-assisted needles has permitted more extensive target lesion sampling at biopsy. This has been associated with a progressive decline in the rate of underestimation of malignancy associated with the presence of RS alone on NCB. 7, [23] [24] [25] This trend has led many to suggest that an adequately sampled lesion showing RS without epithelial atypia may not require any further excision. 7, 26, 27 Table 3 6,7,23-25,28-41 demonstrates a metaanalysis of 20 reviews (including the present study) of the rate of upgrade to malignancy of NCB-confirmed RS on excision. Although many of the studies involved limited numbers of patients, together they demonstrate an overall upgrade rate of 10.5%. In particular, they illustrate the differing risks for malignancy at excision of RS with epithelial atypia (27%) versus without atypia (7.5%). The metaanalysis demonstrates that DCIS constituted the majority of RS-associated malignancy in the studies reviewed, and in cases where invasive carcinoma was identified, it tended to be low grade, with a high frequency of tubular carcinomas. 39 Our results demonstrate a lower upgrade rate (2%) for RS without epithelial atypia than the overall upgrade rate in the meta-analysis in Table 3 (7.5%). This lower rate is likely attributable to the detailed radiologic-pathologic review undertaken in this study, which led to the exclusion of 2 cases due to their spatial proximity to known, synchronous DCIS. In the absence of this detailed radiologic-pathologic review, these cases would have been recorded as an upgrade of an RS lesion to DCIS on surgical excision. Interestingly, the largest series on upgrade rates in NCB-detected RS 39 was based on pathology reports rather than a radiologic-pathologic review, and therefore it is possible that the higher rate of upgrade to RS in this study may be related to this fact.
Because of the very low rate of upgrade in our study, we were unable to assess the impact of features such as target lesion size and extent of tissue sampling on the risk for malignancy at excision of NCB-proven RS. Rare studies have suggested that features such as lesion size 8 may be statistically related to higher risk for malignancy on excision. However, no consistent statistically significant correlation has been previously demonstrated between malignancy at excision of RS and factors such as patient age, parity, menopausal status, and family history or personal history of breast carcinoma. In this study, none of the patients with remote personal history or family history of breast carcinoma had a diagnosis of malignancy on excision of the RS.
Data on the effect of RS on patient outcomes and survival are limited, as few studies include survival data on patients who underwent surgery. Patterson et al 19 reported 1 invasive breast carcinoma in a cohort of 175 patients with a median follow-up of 5 years. Sanders et al 42 demonstrated that the risk of developing invasive carcinoma after RS diagnosis is 7% in the first 10 years, compared with 5.5% of all patients without a history of breast cancer who had a benign breast biopsy during the time period studied. On multivariate analysis, there was no additional risk associated with the presence of RS when the data were adjusted for the presence of either proliferative disease or atypical hyperplasia. Most of the cases in this study were described as "incidental RS." Jacobs et al 43 Examination of the reported outcomes of patients who did not undergo excision for their biopsy-diagnosed RS raises interesting questions about the optimal management of these patients. Resetkova et al 7 presented 26 detected no carcinomas in 10 patients with a mean follow-up of 47 months. In our series of 5 patients who did not undergo excision, 1 patient developed an ipsilateral invasive carcinoma 6.5 years later. Careful radiologic-pathologic correlation demonstrated that this invasive high-grade carcinoma did not occur at the site of prior biopsy. Most carcinomas associated with RS are low grade (both in situ and invasive) and therefore may be unlikely to progress significantly within the 2.5 to 4 years of follow-up reported in most studies. It is possible that a small proportion of these patients may eventually develop a radiologically apparent carcinoma at the site of the RS lesion. However, in the context of a patient who is willing to forego surgery and who will follow clinical advice on further screening, it may be acceptable to hold off on surgical excision and closely monitor the patient for radiologic evidence of disease progression. This view has been endorsed by other authors. 7, 27 Krishnamurthy et al 45 reported that a protocol of imaging follow-up, risk assessment, and counseling on breast cancer risk reduction options for carefully selected cases of high-risk breast lesions, including RS, has been adopted at their center. No prospective data are available on the outcome of this protocol as yet.
In summary, we have demonstrated a rate of upgrade to malignancy of 2% in patients with an initial biopsy diagnosis of RS without epithelial atypia, a finding that is consistent with prior RS NCB studies. The assessment of these lesions requires thorough radiologic-pathologic correlation to determine whether the RS accounts for the radiologic finding of, for example, CA ++ or a mass, or whether the RS is an incidental finding. On the basis of the results of this study and our meta-analysis, we believe that in the context of multidisciplinary agreement and careful radiologic-pathologic correlation, it is appropriate for patients with an NCB diagnosis of RS without epithelial atypia, and without synchronous malignancy, to undergo imaging follow-up in place of surgical excision. As radiologic modalities continue to refine their ability to detect smaller and smaller lesions in asymptomatic women at breast screening, the clinical dilemma of how to manage these lesions is likely to arise more frequently, and it behooves the medical community to strongly consider whether conservative management of these lesions is appropriate, in light of the associated low risk of development of a life-threatening malignancy.
